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Descr i~ t f  on of Structure 

The raodsl study on the Grassy Lake Dan Spillway w a s  performed in 
1937, This report was prepared i n  1944 from the original notes and data, 

Grassy Lake Dam is located in Teton County Wyoming, on the south 
boundary of Yelloust~ne National Park (~igure 15, The dm-s ~onbinatlon 
earth and r o c W i l l  atrucfurs--intercepts the f low of Grassy Creek, a 
tributary of F a l l s  Rlvor, to f ~ r m  a raaervoir w i t h  an estimated d m u n r  
capacity of 15,549 acre-feet;, The tota l  height o f  the  dam 3.0 132 Jleol. 
fm roadway t o  floor of otiLUng-pool, 

The principal hydraulic features of the structure are a sidu-ciianr~e!, 
spillway at the l e f t  abutmenf a d  the out l e t  works which pass thxtough 
the main body of the d m  ( ~ i g u - e  2 ) ,  The outlet worke, ?l8 feet long, 
consist of a single conduit, terminating at the dawnstrean end Jn a 
3 b i n c h  needle valve (Figure 3) with designed capack* of f 3 uocur~d~fast ,  
The spillway i9 a concretrelfacad open channel, a~proxbately  860 feet in 
length (~igum 4) snd has x designed capacity of 1,200 aecond-fee% at 
the mexirmuxt reservoir elevation, 

Necessity f o r  Invastigatf on 

The proposed deaigns of bath the oui;let works and api l lway proseated 
a strong possibility of scouring action which could be zrufficientiLy 
~xcessive t#o endmger the structures , In the caae of the owtlet works, 
t h e  riprap pool, art unconventional t y p  for use In conjunction with 
needle valves, particularly invited model study, Tho spi l lway was 
subject t o  erosion bath in t h e  approach chtpnnel and in t h e  dtil l ing-lpccrlc 



The use of the  rfprap pool design specified in t he  i n i t i a l  design 
9 

would have beet) conducive t o  excessivs s c o w  and wave action. 
Subat i tut ion of the design developad by model s tudies  (Figure 10) should 
mduce t h i a  scour t o  desirable  lindts, so l a g  as care ie taken t o  build 
up t he  tailwater elevation t o  nonnal before aUowir~g large discharges t o  

u pass through the valve, Failure  t o  observe t h i s  ru l e  would cause ccsn- 
siderable r ip rap  displacement in any of the designs tested, 

The original spillway design indicated t h a t  improvement could be 
made i n  t h e  flow conditions irr t h e  spillway approach, chute, and 
s$illing-pool, Model t e s t s  showed t h a t  the  changes a s  recommended in 
Figure 16 would make the design adequate for  rll flows, With these 
modifications, the  spillway w i l l  be capable of passing t h e  n i u i m m  
designed discharge without damage t o  the  structure,  

Outlet Works 

L A 1:12 model was constntctd of the e r t inen t  features of t h e  
riprap pool of t h e  out le t  works (~igure 5 7 It conaistsd of a la rge  
ta i lbox  containing t he  excavated and riprapped areas downstresm from t h e  
needle valve, a model valve, and the neceosary pipi- and meaaurhg 
devices t o  supply water t o  the model, The tailbox was c ~ n s t r u c t e d  of 
wood and l i n e d  wlth light aheet metal for watertightness, A3.l pedinent 
fea tures  of t he  excavated and riprapped areas downstream from t h e  valve 
werk, reproduced t o  sca le  5x1 t h i s  box, '331% riprap was represented by 
rock of approximately 1-inch average d i w t e r ,  and the sllwial deposit 
by sand except i n  t h e  trapezoidal. channel downstream from t h e  riprapped 
ares, The l a t t e r  was represented by rough concrete, A.hinged wood and 
canvas gate, ins ta l led  a t  t h e  downatream end sf the  tailbox, was wed 
t o  regulate the elevation of the txLPwater, A water column was used t o  
msaaure t h i s  elevation, 

The m a d e l  needle valve was i n a t d l e d  in the  upstream w a l l  of thls 
tai lbox, Water was aupplied through a &inch pipe, which terminated 
i n  a manifold d i rec t ly  upstream f ran t h e  valve. Piezomaters, located - in the baae of the valve, were, u t i l i z e d  t o  measure presaure heads. The 
discharge was measured by a b-inch Venturi meter located between the  
eupm p q  and valve manifold. The valve openings required f o r  each 
discharge and head cabination were determined from curve6 obtained .. fran a previous cal ibrat ion,  

A 1:20 model, e n t i r e l y  ramowed from t h a t  of the ou t l e t  works, was 
constructed of the s p i l l w w  (Figure 6), It c ~ n s i s t e d  of a headbax 



c h u t e  repFeaenting the s ~ f i l w a ~ -  channel, and a ta i lbox containing the  
stilling-pool and downstream topography de ta i l s ,  The headbox and ta i lbox 
were constructed i n  the same manner as the  t s i l box  for the o u t l e t  works, 
with t he  topography reproduced with sand, rock, and concrete. The 
side-channel un i t  was made of concrete, 

A gate  a t  t h e  downstream end of the  ta i lbox was used t o  regulate 
t h e  t a i lwater  elevation, Water columns, attached t o  piezometer openings 
i n  the headbox and tailbox, were used t o  measure the  elevations of t h e  
reservoir and ta i lwater  surfaces, 

W E  OUTLET WORKS 

test in^ Procedure 

I n  designing t h e  ou t l e t  worka f o r  Grassy Lake Dam, it watl planned 
t;o subetitute a riprap pool ( ~ i ~ u r e  3) for t he  more conventional. concrete 
pool ccernaody used i n  con,junctioa with needle-valva w l l e t s ,  This sub- 
a t i t u t fon  was desirable  because of the  decreased cos t  of such construction, 
There was no expectation of complete freedam from scour with t h i s  pool, 
It was desirable,  of course, t o  hold the scour within such limits as t o  
prevent the disintegration of the rripa-ap E d n g  and not endanger weakening 
of the valvehouse founda%fonso Ekcessive erosion night also cause 
deposition of material i n  a bar downstream from t h e  pool of such magnitcda 
ae to interfere with the operation of t h e  ou t le t s ,  

It was not necessary t o  insure a minimum of spray dw0ling periods 
when t h e  s t r u c t u ~ e  m i g h t ,  be operating a t  nuucimum capacity, trince it was 
not planned t o  construct a puwerhouue in conJunction d t h  the dam, 
Therefore, as long as the  amount of such spray was not suf f ic ien t  t;o 
cause appreciable erosion of the  surrounding f ine r  materid, its presence 
could be tolerated,  Based on these pmmisect, it was decided that t he  
following factors,  resul t ing f r m  ou t l e t  flow, were the moat important 
ones Lo obaerve, evaluate, and reduce by experiment to a desirable 
mi&m: 

1, Violent forward currents 
2, Reverse currents dong t he  pool w a l l s  
3 Splash and severe wave act ion 

To evaluate the extent of each of theas manifeatations under the 
most extreme conditions, t he  follQwing testing procedure for each 
design was establiehed: 

1. biaximum diacharga a t  maximup1 head, normal tailwater 
2 ,  Intem,ediate discharge st correapcading head, n o d  

tailwdster 
3, Intennodiate &lacharge wi th  corresponding head, no 

tailwater ( ~ i n a l  design only) 



The m a x i m u m  discharge was established a t  243 second-feet (0,488 
second-foot model) with a reservoir depth of 104 f e e t  abwe the center- 
l i n e  of the 30-inch needle valve, With the water surface lwdered Lo 
7155,69, (50 fee t  above the valve center l ine) ,  an intermediate discharge 
of 180 second-feet (0,361 second-foot model) was calcula5ed t o  be 
sui table  f o r  model t e s t s .  

Since the model valve had a 2,8-inch out let  diameter instead of 
2,5 inches as dictated by the scale r a t i o  of lr12, it was essent ial  
tha t  special attention be given t o  i t s  calibration t o  insure t h a t  the  
mass and velocity of the  water s t r iking the sti l l ing-pool would be 
equivalent t o  tha t  of' thk prototype, 

For t h e  maximum discharge of 243 second-feet, it was estimated 
from prototype calculations tha t  the  f r i c t i o n  losses from the i n l e t  t o  
the  valve w~u ld  be 40 fee t ,  This l e f t  an effective head of 64 fee t  a t  
the  upstream end of the valve, which was found t o  be composed of a 
velocity head of 1 R 0 4  f ee t  and a pressure head of 45*6 feet, Using a 
corresponding effective model head of 64/12 = 5.33 feet ,  and substituting 
the  valve in le t  diameter of Z08 inches f o r  the  2,5-incfi diameter required 
by the scale  ra t io ,  it was found that t he  effective head would consist 
of 1,19 fee t  of velocity head (14,3 f ee t  prototype) and 4.U fee t  of 
pressure head ( 4 ~ ~ 7  fee t  ~ r o t o t y p e )  , 

Frm Figure 7, obtained from a previous ca l ibra t ion  of t h e  model 
valve, it was established t ha t  a valve opening of $4 turns would give 
the required diecharge and pressure head combination, It was only 
necessary then t o  set the  desired head on the piezmeter  a t  the  base 
of t h e  valve and t o  open the  valve t h e  required number of turns  t o  
aneure similitude of mass, Similitude of velocity and t ra jec tory  
could a l s o  be expected because previous t e e t s  had shown tha t  the 
variat ion of "$I1 in the  f d a  V = c (where "Vtt is t he  velocity 
i n  the vene contracta, and nC,tt i s  the coefficient of velocity) is  
negligible f o r  needle valve openings greater  than  15 percent, Therefore, 
i f  t h e  value of (effective head) were made the same, the  velocity 
of flow would be nearly equeil., 

Using t h i s  same procedure, a discharge of 180 second-feet a t  an 
intermediate t o t a l  head of 50 fee t  was converted t o  a model discharge 
of 0,361 second-feet a t  a pressure head of 2.27 feet with the valve open 
the  same amount as i n  t he  previous example. 

Results 

In the f i r s t  ser ies  of t e s t s ,  t h e  performance of the  original pool 
design (Figure 9~), was obeemed under the condition of maximum discharge 
and head only, Durix a run of approximately 20 minutes (model) a t  
ownnal tailwater,  t he  r iprap  was badly acoured i n  sane area80 Most of 
t h i s  movemen% occurred on the side slopes between Stations I.%+60 and 
13+10, the r iprap  being mwed from its original position and deposited 
t o  a maximum depth of 8 fee t  (prototype) on the bottom of t h e  channel, 



was no erosion of consequence between the. do\mutrem face of the  valve- 
house and St~t io: :  12&50 or beyond S t a t i o n  13410. F i p c  8 A  shows t h e  
o r ig ina l  st iUing-pool before the  run, Pigwe ljEi shows the  valve dis-  
charging a t  343 second-feet, and Figure 8C i l l u s t r a t e s  t he  r e su l t i ng  

Q scour after a 1-hour rim, T!le jet of water from the  valve f i rs t  struck 
t h e  surface a t  Stat jon 12J65; creat ing a m-cimm splash height of 9 feet 
a t  a point  30 feet downstrean, I n  t h e  region upst,rsan~ from Sta t ion  
12j65, strong tack c i ~ r u n t s  and wave action ~ c c u r r e d  d o n g  ttre r i p ~ a p  
slopes, the waves nearly overtoppb~g the banlto, Violent forward a& 
backward currents exist& along the bottom of the  pocrl, orJy t h e  flow 
beyond Stat ion 13$50 being sat.iafactory, 

It vms obvious t.hat t h i s  pool was not adequ&te, so tho design 
shown i n  Figure 9B ( f i r s t  revision) was s u b s t i t ~ t ~ e d ,  The principal 
revis ion was increase i n  depth of tne stiLlh1g-pool by 4 f ee t ,  'Rie 
bottom remained 3 f e e t  -in width but this increased the bottom slopes 
t o  2:l and k r l ,  T n l s  model was test,ed f o r  both maximum and in te r -  
mediate discharges. For the  maximum condition, there  was prac t ica l ly  
no movement at the  r iprap,  with t he  deposi t  on the  bottom of t h e  pool 
h a m  a maximum depth of abo& 3. foot..  '&is deposit  was located in  
t h e  same area as t h a t  of the  origindl design, The grea tes t  depth of 
side-slope erosion was Less than 1 foot, The former vilzient back 
currents and wave act ion aloz~g t h e  sidewalls were decreased i n  h t e n s i t y ,  
t h e  waver; being approximately 2 fee t  high in t h e  ex t rme  case, The 
in t ens i t y  of the  bottun currents  was a lso  favorably affected,  However, 
many of t he  dest ruct ive  water movements reappeared at  the  intermediate 
discharge and head, causing erosion of t he  bottom the  v i c i n i t y  of 
S ta t lon  12f60. This scour resul ted .irl a general urcrmining and collapse 
o f  t h e  side s lopes  near this ste-tion, the  eroded mater ia l  being deposited 
between S ta t ions  1-2/75 and 12fig0, 

A comp%rison o t ne  performance of t he  two designs showed a 
revealing trend i n  the scour patterns, In the  or ig ina l  dessgn, .the 
d u r n  scour occurred i n  t h e  raqian where the  Je t  >impinged on t h e  water 
surface i n  the  pcol, r;crtfculariy f r o s  StatAon 12#& t o  S ta t ion  12@. 
For t he  myhum flow, t h e  side! s1ops.s wcre the p r i n c i p d  areas affected,  
bile r iprap s l id ing  t o  t h e  kttcm of t h e  slope, 'When Hevision 1 kms 
eilbjected t o  t h e  higher discharge, the s i d t ~ ~ l o p e  erosion was decreased 
because of t he  insreased area of f l o w  il t h e  chamel,  but insufficient 
pool depth at, t he  inta-mediate dipcharge did not provide protection 
for the  bottom of t h e  channel, thus it scoured appreciably, contributing 
t o  side-slope i n s t a b i i i t y  , -. 

I n  t h e  secoad revision (Figurei X) the  upstroam bottom slope was 
changed from 2 : l  t o  3:l with corres$c:onding changes ir, t h e  dimensions 

... of t he  stilling-pool, Little improvement was noticeable i n  t h e  general  
perfonnnnce ovsr t h a t  of Revision 1, 

h Revision 3 (Fiwe 9Dj t h e  slope of t h e  sides was changed to 
1-3/14.:1 f o r  increased s t a b i l i t y ,  wxi a reverse slope of 4:l was inserted 



t h e  bottom and side scour as f a r  out  as S t a t i o n  12+80, but a severe 
scour of about 3-foot depth occurred on t h e  s i de  s lopes  from t h i s  point 
t o  S t a t i o n  13+10, T h i s  was caused by s t rong  back currents and waves 
2 feet i n  he ight  along t h e  side slopes at t h o  maximum discharge and 
head, Those back c u r r e n t s  were of such magnitJude t h a t  a junp was formed 
on each s ide  of t h e  pool near S t a t i o n  12J95, 

In what proved t o  be t h e  recornmended design ( ~ i g u r e  10) t h e  slope 
of t h e  sidee was mnintained a t  1-3/4: 1, but  t h e  reverse  slope used i n  
t he  previous design was eliminated, When t h i s  pool was operated under 
condit ions of maximwn discharge  ~ n d  head, it was immediately apparent 
t h a t  t h e  strong back current5  along t h e  sidee hcd been reduced, both 
i n  velocity and area, t o  harmless proportione, This was s lso  true of 
the waves, A l l  cu r ren t s  were forwardad downstream from S t a t i o n  l3+25 
( ~ i p r e  133)~ These observations were v e r i f i e d  by the scour' p a t t e r n  
after R run of 1-hour durat,ion, No eros ion sccurrsd on t h e  right bank, 
but a srn~ll area on the left bank at  Stat,iorl 13t(l0 had been scoured to 

rnaxirnw. depth of 1 foo t  (?rototype). This material  had been 
deposited on the bottom, t h e  amount being negligible, Figures 1lA and 
C show t h e  r i p r a p  i n  t h e  pool before and a f t e r  t h e  run, respect ively ,  
For the intennediatc discharge,  corresponding t o  a prototype diecharge 
of 180 second-feet a t  a t o t a l  head of 50 feet, there was no disturbance 
of t h s  r ip rap ,  The b ~ c k  currents and waves, refgrred  previously, 
were slight i n  magnitude. The surface HFpstlrance of t h e  p o o l  was q u i t e  
s a t i s f a c t o r y ,  

As a f i n a l  t e s t ,  a discharge of 1-30 second-feet at 6 head of 22,7 
feet (prototypo) wes run i n t o  t h c  pooi f o r  10 minutes (mobel time) 
s t a r t i n g  with no tailwater, The purpose of t h i s  t e s t  was t o  evaluate 
t h e  scour  t o  be expected from t h e  impact of t h e  Jet  on the riprap 
without t h e  c u s h i ~ n i t ~ ~ ~ e f f e c t  provided by normcrl t;ai25rater0 The jet  
s t ruck  t hs  r iprap at approximately 3 t s t i o n  12&0, c u t t i n g  n hole about 
U, feet  square ar,d I faet i n  mrcimum depth, The eroded material was 
deposited i n  a r l age  from one s ide  slope totha other  Prom Sta t ion  
t2&5 t o  S t a t i o n  ~2675~ with a m m u m  height of 6 f e e t  a t  S t a t i o n  
12#70, WLth the exception of t h e  last t e s t ,  the overall p s r f o m c a  
of this des ign  wa3 judged t o  be satiiufactory, and was adopted as the 
recomnended des ign ,  1 

Approach Studies 

Mode2 t e s t s  on th& i n i t i d  s p i l l w ~ y  deaign ( F i e r e  6 )  indicated 
t h a t  both wing-walls of t he  approach t o  t h e  side-channel spillway 
eould be improved, Eddies caused by abrupt changes in the direction 
of flow at theee points resultad i n  scour a t  t h e  base of both walls 
and contr ibuted t o  rough flow ir. the reef on of t h e  con t ro l  sill, 
Figure 1 2 A  sheds t h e  o r i g i n a l  des ign of the wing-walla, Figure 128 
ahws  t h e  model i n  operation at 1,200 second-feet, and Figure 12E 



1 Unfortunatel.y, the upatream w a l l  wncr not included i n  t h e  photographs. 
I 
I 

i The f l o w  in t h e  side-channel unit was unusually t u rbu len t ,  
Whether t h e  primary or ig in  cf this ac t i on  was i n  t h e  approach eddies 

t b  or i n  the limits of the  s t r uc tu r e  i t s e l f  was not immediately apparent. 
I 

The shape of t h e  upstream approach w a l l  was then a l t e r ed  t o  
t h a t  shown on Figure 4, while t h a t  on the  upstream side was given a . 
circular f l a re  (Figures I, and 121)), When t h e  maxiintun flow of 1,200 
second-feet, was run through t h e  model for 70 minutes, it was found 
that this a l t e r a t i on  had effectively prevented t h e  erosion inherent  
i n  t h e  i r~ l t . i a l  design, Flow condit ions i n  t he  side-channel unit had 
also improved, but t h e r e  was reason t o  believe t h a t  they might be 
further improved by changing t h e  downstream t r a n s i t i o n s  o f  t h e  unit  
and by. increasing t h e  height  of the cont ro l  sill, 

Invev t i~a t ion  of Side Charms$ 

A smpplementary s i l l .  2 feet high ( ~ r o t o t ~ ~ e )  was tried at various 
positions in t he  chute downsteam from the original s i l l ,  It was found 
t h a t  if placed in any posi t ion upstream from Ytation 2k40, the capacity 
of t h e  spillway would be decroassd, If t h e  s i l l  were located a t  t h e  
same s t a t i o n  AS the  o r ig ina l  oil1 (s ta t ion 2&25), complete submeraence 
of' t h e  crest  occurred at ma..tJ.rnurn discharge,, It w a s ,  therefore, decided 
that any improtrsment tnat might result from such an expedient would not  
be justified in view of t h s  decreased capacity and the poss ib i l i ty  of 
submerginy t h e  crest with  a consequent decrease i n  t h e  coef f i c ien t  of 
ciischargo, It was also decided t o  abandon any attempt t o  change the  
t rans i t ior ta  at +,he dotmstream end ox" t h e  side-channel uni t  because the 
turlulellce remaining was not sufficient i n  extent o r  l oca t i on  to be 
harmful, 

Head discharge and c oei'ficient cur*reo f o r  t h e  initial design 
with altered w',ng-wdlo are shorn i n  F i ~ e  l3, ?'hey demonstrate con- 
clusively :,hat t ha s t ruc ture  15 capable of  acc~madating 1,2m second-feet 
a t  a reservoir elevat ion of 72U, The coefficient of discharge begins 
t o  decrease rapidly a t  an olevatior. s l i g h t l y  above 7212 because of 
submergence of t h e  side-.channel cres t ,  

1 Chute StLtciies 

It was noted during the f i r a t  node1 t e s t s  t h a t  t h e  flox in the 
chute cnil ld be jnproved. Flow down t h e  structure was smooth ex.sept fo r  
a narrow f r i c t i o n  f i n  along each w a l l ,  but t h e  t r a n s i t i o n  beginning a t  '. Station fif69,(31 was too s b n ~ p t  for  t he  ralocitios involved and the  
Jet cculd riot, s p r o ~ d  s u f f i c i e n t l y  t o  follow the w a l l s  (Figures 1 4 A  and 
B and Figure 15A), . - 

To remedy this condition, the beginning of the t r ans i t i on  was 
moved upstream t o  Stat ion 8/00 ( ~ i g u r e  1 5 ~ ) ~  %it3 provided a dis tance 
of 115 feet for a 10-foot charge in width, but proved inadequate, 



at t h i s  point ,  l e f t - t h e  walls  a t  t h e  &ximum discharge, causing 
- 

osc i l l a t i ng  f i n s  on t h e  surface,  

As a second revis ion,  t h e  beginning of t he  t r a n s i t i o n  remained 
at Stat ion 8/00, but the length was shortened t o  69051 f e e t ,  ending 
apyroximately 45"5 feet frcm tho s t i l l ing-pool  ( ~ i g u r e  15C), This 
change caused a concentration of water along t h e  s ides  of the  chute 
f o r  t he  last, 20 feet before entering the pool, Considerable splash 
i n  t h e  center  of t h e  chute was also preaont, 

Revision No, 3 (which proved t,o be the recommended design) 
featured a curvecl t r a n s i t i o n  or iginat ing tit Sta t ion  7+50,02 and ending 
a t  S ta t ion  9{15,30 ( ~ i ~ u r e s  L5D and 16j0 I n  addition, it was decided 
to increase the radius of the  vertical cumre enter ing the  s t i l l ing-pool  
from 150 t o  3W feet t o  decrease t h c  r a t e  of drop and allow +;he je t  t o  
spread more unifo~.mly, Th i s  design accomplished the  purpoee desi red,  
The center f in s  and splash act ion were d a ~ p e d  effectively and all other  
phaees of t h e  opel-ation seemed satiafuctor,v, 

The value of t h e  sea wall provided i n  t h e  original design was 
observed; and, so f a r  as could ba d e t e d n e d ,  was of l i t t l e  o r  no value 
i:~ preventing t h e  escape of spray over t h e  walls, 

Stillinrz..pool Studie 3 

The stillinp,-pool incorporated jn the model was provided w i t h  a 
3-foot Rehbock sill.  w i t h  three toeth  and A 3-foot dentated s t e p  with 
t h e  same number of teeth (~lgures 6 and I ~ c ) ,  Tne r iprap downstroam 
corresponded to 2-1/2-f oot rock on the prototype, 

A maximum discharge of 1,200 second-feet was run through t h e  
spillway f o r  a period of 50 minutes (niodol) , cnt normal tailwater 
(p igwe UD). l'hst the pool was not  adequate, was spparent both from 
the  behavior of the Iuxp during t he  run ar,d frm the  excessive scour 
v i s i b l e  after draininz  the pool, 

The f ron t  of the  jump fonnea a s  f a r  upstream as Station G95, blue 
excessive boi.1 over the  sill was prevalent;, This b o i l ,  at i;imes, rose 
above t h e  pool walls ,  causine considerable splash, tho sea wall coplng 
having l i t t l e  e f f ec t ,  

I'hs 1-1/2 : 1 slopes of the  excavated channel were badly deteriorated.  
The r ip rap  had not been mored by direct uater fiction but t he  sand Iwnsath 
it had slunped, carrying apprec:iable amounts of riprap with it, This 
reaction resulted i n  a largo deposit,  principally of sand, on the charmel 
bot tan between Stations 9$90 and 10&30, The deposi t  had a maximum depth 
of apprszhate ly  3 reet prototype, Sta r t i ng  at the  e ~ ~ d  of the riprap, 
t he r e  were two deepw scoured channulo w i t h  a c e n t r a l  r idge between then,  
which extended to Sta t ion  10L75, The r e s u l t s  seemed to  be attributable, 
not only t o  undesirable f low action developed i n  t h e  pool, but a l s o  t o  
t he  concentrated jet entering the pool, It was d a o  appsrent that t h e  



contributing fac tor  to- t he  channel degeneration, 

In the f i r s t  pool change, t he  number of t ee th  i n  the s tep and 
sill was increased t o  f i v e  and t h e i r  posit ions staggered with respect 
t o  each other i n  an attem,pt t o  dieperse the concentrated j e t  more 
effectively, I n  addition,, it  was decided t h a t  the  rock used f o r  r ip rap  
was probably too large t o  exact ly  represent t h a t  cf t h e  prototype. It 
was ,  therefore ,  removed and a graded mixture subs t i tu ted  with naxhua 
and minimum sizes corresponding t o  prototype dimensions of 10 and 5 
inches, respectively,  These revisions produced U. t t l e  change i n  the  
action of t h e  pool, The b o i l  over t h e  s i l l  was of the stme in t ens i t7  
a s  before, osc i l l a t ing  from s ide  t o  s ide,  producing a charac te r i s t ic  
wave motion tha t  was d e t r h e n t a l  t o  t h e  channel downstream from the  pool. 
After a run of 55 minutes (modal) it was noted t h a t  the  scour pat tern 
was similar t o  tha t  which had occurred i n  the  or ig ina l  design. 

It was more evident than ever t h a t  the  s ide  s lopes  were t oo  s teep  
f o r  s t a b i l i t y ,  thus, they were changed t o  2 : l  for t he  next design. 
I n  addition, it was decided t o  change the 4:l t r a n s i t i o n  slope from the 
end of t h e  pool t o  elevation 7093 t o  2-1/2:1, A s t e p  and sill combination 
wi th  six teeth  i n  the  s t e p  and f i v e  teeth  i n  t h e  sill was used. This pool 
combination was an improvement over t h e  previous ones, a s  t he  o sc i l l a t i nz  
b o i l  over t h e  s i l l  disappeared and the amount of splash decreased. The 
end of the jump wss approximately 1 foot  (prototype) upstream from the 
end of the  pool. After a run of 1 hour, it was apparent t h a t  t he  
r ip rap  movement was not as great  as  i n  t h e  previous tests but the  scour 
below the  riprapped section was approximately equivalent t o  t ha t  i n  the  
previous t e s t s ,  

The channel was then further altered Ipy making the  f loor  level 
(elevation 7086) t o  the  end of the riprapped sec t ion  (Station 10b10) 
and inser t ing  a 4:l t r ans i t i on  slope from the end of t he  riprap t o  
elevation 7093 ( ~ i p e  16). This rev is ion  seemed t o  produce l i t t l e  
change i n  t h e  appearance of the pool other than causing t h e  end of t h e  
jump t o  move downstream t o  t h e  extreme efid of the pool, After a m of 
1 hour, the r iprap  did  not appear t o  have moved. The sand erosion 
downstream from the  riprapped sect ion was decreased but not en t i r e ly  
elirainated, 

It was decided t h a t  t h e  abrupt break i n  t h e  f l o o r  at  t h e  in te rsec t ion  
of t he  chute with t h e  s t i l l ing-pool f l o o r  ( s t a t i on  9r115.30) should be 
softened by a 20-fcot radius c - m e .  This necessitated the i n s t a l l a t i o n  
of t h e  s tep  shown on F i v e  16B. I n  addition, a new sill, shown i n  the 
same figure, was a lso  used. No chanse was made i n  t he  channelo The 
performance of t h i a  design was sa t i s fac tory .  The jump formed within t h e  
limits of t h o  pool with much less b o i l  than hed previously occurred, and 
very l i t t l e  apray escaped over the training-walls. The s c o w  donstream 
was within sa t i s fac tory  limits af ter  a run of 1 hour, Photographs of 
the  model before, during, and a f t e r  a run a t  1,200 second-feel are shown 
cm Figure 17, A drawing of t h e  recommended spillway design is includud 
on Figure 16, 
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A .  S t i l l i n g  Pool b e f o r e  run. 

. Flow of 243 second-fee t .  

C . Ri prap s c o u r  after 1 hour  run.  
(model) 
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A .  Or ig ina l  des ign .  B. Flow of 12,000 second-feet .  

C .  Erosion caused by Slow D . Recommended des ign .  
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REVISED APPROACH 

A - RECOMMENDED APPROACH DESIGN 



Figure 17. 

A .  Recommended design setup.  
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